A clinical data warehouse (CDW) is part of our hospital information system, and it provides user-friendly 'data search and extraction' interfaces for query composition. We carried out a risk factor analysis for the extended use of opioids after coronary artery bypass grafting (CABG), taking advantage of the CDW system. Methods: From 2015 to 2017, clinical data from 461 patients who had undergone either isolated or concomitant CABG were extracted using the CDW; the extracted data included baseline patient characteristics, various examination results, and opioid prescription information. Supplementary data that could not be extracted with the CDW were collected via manual review of the electronic medical records. Results: Data from a total of 447 patients were analyzed finally. The mean patient age was 66.8 ± 10.9 years, 332 patients (74%) were male, and 235 patients (53%) had diabetes. Among the 447 patients, 90 patients (20.1%) took some type of opioid at the 15th postoperative day. An oral rapid-acting agent was the most frequently used opioid (83%). In the risk factor analysis for extended opioid use, duration of operation was the only significant risk factor (odds ratio = 1.004; 95% confidence interval, 1.001-1.007; p = 0.008). Conclusions: Longer operation time was associated with the risk of extended opioid use after CABG. CDW was a helpful tool for extracting mass clinical data rapidly, but to maximize its utility, the data should be checked carefully as they are entered in the system so that post-processing can be minimized. Further refinement of the clinical data input and output interface is warranted.
I. Introduction
Coronary artery bypass graft surgery (CABG) is an effective and commonly performed procedure for treating coronary artery disease. However, even after successful CABG, some patients suffer from postoperative pain that requires analgesics. Even 1 year after the operation, up to 17% of patients experience some degree of persistent post-sternotomy pain at rest, and the percentage increases to more than 30% upon movement [1] .
Opioids are increasingly being prescribed for the treatment of diverse chronic painful conditions. Opioid use for noncancer pain management gradually increased from 24% in 2010 to 40% in 2013 in Korea [2] . Cardiac surgery and sternotomy are procedures accompanied by substantial postoperative pain, which is challenging to treat. Thus, opioids are widely used after cardiac surgery. Their use for acute pain is well accepted; however, their role in long-term treatment of chronic non-cancer pain is controversial. Prolonged use of opioids may result in adverse consequences, including tolerance, hyperalgesia, hormonal effect, and immunosuppression. Therefore, longer-term use of opioids should be carefully followed, and it is usually not recommended [2] .
Meanwhile, vast quantities of data are generated every day in clinical institutes. Fortunately, the introduction of computer-based electrical medical recording enables the efficient management of data. From the past, clinical data is accumulated and renewed every day, and a clinical database warehouse (CDW) is a computer-based electrical storage for long-term, massive information about patients. Analyzing relationships and patterns within these 'hidden' data from the CDW are expected to provide new medical insights [3] .
Once a well-organized CDW is established, not only we can develop meaningful clinical outcomes by analyzing massive amount of data but also the manual work is greatly reduced.
There are a number of examples of CDW application. Sahut d'Izarn et al. [4] used their CDW to perform a study to identify the risk factors of unexpected pulmonary embolism (UPE) in cancer patients. They simply extracted the appropriate study population by previously stored diagnostic codes from the CDW rather than reviewing all medical records. Nishida et al. [5] conducted a study comparing the effects of olmesartan and candesartan monotherapy in lipid metabolism and preserving renal function. Data were retrieved from Nihon University School of Medicine (NUSM) CDW where prescription data from over 0.5 million patients are linked to their clinical information, such as demographics and diagnosis. Kassin et al. [6] used their institutional CDW to identify the risk factors of unplanned 30-day readmission after general surgery. In that work, 135 variables from 1,442 patients were drawn from a CDW, and those variables underwent univariate and multivariate analysis. Edlund et al. [7] conducted a risk factor analysis for opioid abuse/dependence for chronic non-cancer pain (CNCP) with 15,160 patients. All data were retrieved from South Central Veterans Affairs (VA) Health Care Network (VISN16) data warehouse. Grams et al.
[8] studied 3.6 million US veterans to investigate risk factors for postoperative acute kidney injury (AKI). All data were retrospectively collected from National VA Corporate Data Warehouse LabChem Data.
This study also used the data collection of our institutional CDW to identify variables related to long-term use of opioids after CABG. We hope that identifying these variables will help to relieve postoperative pain and decrease longterm opioid use, resulting in a better quality of life for patients.
II. Methods

Patients
This was a retrospective cohort study, which was approved by the Institutional Review Board (IRB No. B-1503/290-108). Patient consent was waived due the retrospective nature of the study. From the CDW of Seoul National University Bundang Hospital, we were able to retrieve data from a total of 461 patients recorded to have undergone CABG between January 2015 and December 2017. After reviewing their medical records, we excluded patients if they had expired before the 15th postoperative day (n = 10), if they had used opioids for reasons other than postoperative pain control (n = 3), or if they had actually undergone other surgery instead of CABG (incorrect record) (n = 1). The demographics of the patients, history of diabetes and hypertension, smoking history, marital status, education level, and preoperative left ventricular ejection fraction (LVEF) were retrieved from the CDW. To obtain details that could not be easily collected through the CDW, we reviewed the medical records of each patient. The demographics as well as the preoperative and intraoperative clinical variables of the patients who had undergone CABG are summarized in Tables 1 and 2 .
The primary outcome measure was the presence of opioid use due to postoperative pain after the 15th postoperative day. Opioid usage was assessed by prescription records of opioids. If the discharged patients had received their last opioid prescription at the outpatient clinic on the 11th to 14th postoperative day, and the next appointment had been made a month later, we also regarded it as opioid use after the 15th postoperative day.
Clinical Data Warehouse
A CDW is part of our hospital information system, and it was designed to help users retrieve, extract, and analyze clinical information. The CDW carries all data from the hospital information system, from the start (April 2003) to a day before the current date. Because a CDW interface uses plain language with pull-down or radio button menus, researchers do not need to learn a query language. A CDW is equipped with free-text search and scenario-based retrieval of electronic medical record data [9] . The authority to use CDW is granted only to faculty members by a medical information center. With CDW, the users can draw data without the help of an information center. In this study, we composed the search conditions independently.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation, and categorical variables were presented as number (%). To identify potentially significant predictors of opioid use after the 15th postoperative day, binary logistic regression was used. Variables chosen in the univariate analysis (p < 0.2) were included in the multivariable analysis to evaluate their significance as independent predictors. A p-value less than 0.05 was considered to indicate statistical significance.
Since minimally invasive direct coronary artery bypass grafting (MIDCAB) is a type of off-pump CABG, we did not include MIDCAB as a variable at this step. Instead, we performed a subgroup analysis with 307 patients who had undergone off-pump CABG by the same procedure. This time, MIDCAB was included as a variable. For statistical analyses, we used IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
III. Results
Patient Characteristics and Operative Data
The patients' baseline characteristics are shown in Table 1 . Medical records of 447 patients were reviewed. The mean age of the patients was 66.8 ± 10.8 years, 327 patients (74%) were male, and 230 patients (52%) had diabetes. Redo open-heart surgery 4 (0.9)
Values are presented as number of patients (%) or mean ± standard deviation. CABG: coronary artery bypass grafting, MIDCAB: minimally invasive direct coronary artery bypass grafting, ITA: internal thoracic artery. 
Clinical Data Warehouse-Based Study
Operative data are shown in Table 2 . Among 447 operations, 307 cases (68.6%) underwent off-pump CABG, including 61 cases (13.6%) of MIDCAB. Bilateral internal thoracic arteries (ITA) were used in 335 cases (74.9%) which is three times more often than unilateral ITA, and the mean total operative time was 271.5 ± 80.6 minutes.
Opioid Use
The number of patients who reported using any type of opioid for more than 15 days due to postoperative pain are shown in Table 3 . Among 447 patients, 90 patients (20.1%) reported using opioid 15 days after undergoing cardiac surgery. A rapid-acting opioid agent (IRcodon; UNIMED Co.
Ltd., Seoul, Korea) tablet was the most frequently prescribed type of opioid (83%). Types of opioid used are shown in Table 4 .
Risk Factor Analysis
In the univariate analysis, there were five variables that had a Diagnosis is from silent ischemia (0) to ST elevation myocardial infarction (4), as shown in Table 1 .
p-value less than 0.2: on-pump CABG, concomitant operation, redo open heart surgery, duration of surgery, and preoperative LVEF (Table 5 ). These five variables were included in multivariable analyses for composite outcome. As a result, duration of surgery (p = 0.008; odds ratio = 1.004; 95% confidence interval, 1.001-1.007) was shown as the only significant independent risk factor of using opioids after the 15th postoperative day. In subgroup analysis concerning patients who underwent off-pump CABG, there were three variables that had a pvalue less than 0.2: diagnosis, redo open heart surgery, and preoperative LVEF ( Table 6 ). None of these was proved to be an independent risk factor. In particular, MIDCAB had no significant association with the prolonged use of opioids after surgery.
IV. Discussion
In this study, we retrospectively reviewed the current trend in opioid usage after CABG and analyzed possible factors that may result in long-term usage of opioids. As the study deals with CABG done in a single institute (Seoul National University Bundang Hospital) where three highly experienced surgeons perform all cardiac surgeries with a highly standardized surgical procedure, we could minimize operation-related bias originating from the variation of procedure by multiple operators. Additionally, unlike previous retrospective studies that retrieved data mostly by reviewing individual medical records respectively, by using CDW, it has become possible to reduce manual work excessively for retrospective research. Furthermore, instead of using subjective measures of pain (ex. VAS score), we assessed postoperative pain using prescription orders of opioids which may be objective. Thus, it was possible to overcome the limitations of studies concerning the measurement of pain. In the risk factor analysis, our data showed a statistically significant association between the duration of surgery and the presence of opioid use after the 15th postoperative day. Factors, especially those related to the invasiveness of surgery, such as bilateral ITA use, MIDCAB showed no significant difference. This result emphasizes the importance of reducing operation time in CABG for postoperative well-being of patients.
During open-heart surgery, great force is applied to the sternum and surrounding tissues by a sternum retractor to keep the thoracic cavity wide open. As the sternum remains retracted longer, surrounding tissues and nerves become Diagnosis is from silent ischemia (0) to ST elevation myocardial infarction (4), as shown in Table 1 .
more prone to injury. Since peripheral nerve and surrounding tissue injury are known to be an important factor in the development of persistent postoperative pain [10] [11] [12] , it is tempting to speculate that the tissues and nerves of patients who undergo longer surgery get more damaged, which may increase the risk of long-lasting postoperative pain. This finding was consistent with the reviews of the existing literature on non-cardiac surgery [13, 14] . However, in the field of cardiac surgery, we could not find previous studies with related findings except one, which reported the opposite correlation between the duration of surgery and postoperative pain [15] . Though both studies are about long-lasting postoperative pain, our study set the endpoint as opioid use for pain persisting after the 15th postoperative day, while in the other study, the scale of self-reported pain lasted more than 3 months. This may explain the inconsistency between our study and the previous study.
In a subgroup analysis, interestingly, MIDCAB surgery showed no significant difference in long-term opioid usage. The result is not consistent with previous studies that have claimed the superiority of MIDCAB as leading to less chronic pain than conventional CABG. There is debate about whether MIDCAB is associated with less severe postoperative pain. There was a report that patients after MIDCAB suffered more pain during 2 days after surgery than those after conventional approach [16] . However, in that article, pain expressed by patients after MIDCAB was lesser from postoperative 3rd day and on. In our data, small sample size could account for the insignificant difference in pain with regard to MIDCAB.
This study had limitations, mostly because the data were retrieved retrospectively from the CDW. Additionally, we found a few mismatches between the CDW and individual medical records. Thus, manual correction was needed by comparing data from the CDW with individual medical records. Furthermore, we relied on records of prescription orders in determining the opioid usage after the 15th postoperative day. Prescription requiring confirmation (PRC) orders are routinely made regardless of actual pain when patients are hospitalized after surgery. Therefore, it may be difficult to confirm a relationship between PRC orders with postoperative pain. Finally, this study may not be generalized because the data in this study was limited to our single institute.
About 20% of patients who underwent CABG reported using some type of opioid due to postoperative pain for more than 15 days. Among various factors analyzed, operation time alone showed strong correlation with long-term usage of opioid. Therefore, avoiding situations that result in extended operation time in CABG may be beneficial in decreasing postoperative pain, extended opioid use and related side effects, thus increasing overall quality of life.
This study showed that CDW is a valuable data sorting and acquisition tool, but also showed a number of innate limitations of CDW. The user interface of the electronic medical record system needs further refinements to prevent data inconsistency.
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